neurotransmitter γ-aminobutyric acid (GABA), the multipolar cell, were on average three times the size of Ca 2+ transients in terminals apposed to another class of GABAergic interneuron, the bitufted cell. Pyramidal cell boutons apposed to other pyramidal cells displayed the full 10-fold range in amplitude of the Ca 2+ transient.
What are the consequences of these differences in the amplitude of the Ca 2+ transient? All else being equal, larger Ca 2+ transients should produce greater increases in the probability of vesicle fusion with the presynaptic cell's plasma membrane and neurotransmitter release. Indirect analyses indicated that this was the case. The induction of an action potential in a pyramidal cell was more likely to trigger neurotransmitter release onto a multipolar cell than onto a bitufted cell. The authors also found an excellent correlation between the amplitude of the Ca 2+ transient and the form of short-term synaptic plasticity displayed in response to brief trains of presynaptic action potentials, thus accounting for earlier observations (5) . Pyramidal cell-to-bipolar cell connections were facilitated, whereas pyramidal cell-to-multipolar cell connections became depressed. Pyramidal cell-to-pyramidal cell connections varied, presumably depending on the initial probability of neurotransmitter release (6).
Koester and Johnston strengthened the correlation between the amplitude of the Ca 2+ transient and release probability by introducing the Ca 2+ indicator dye into postsynaptic cells and then assaying the probability that a presynaptic action potential in a pyramidal cell would cause postsynaptic Ca 2+ influx via NMDA (N-methyl-Daspartate) receptors. As expected from the relative amplitudes of the Ca 2+ transients, the release probability was significantly higher at pyramidal cell boutons apposed to multipolar cells than at those apposed to bitufted cells.
The second surprising observation made by the authors is that not only are the Ca 2+ transients and release probabilities uniform for different classes of target cells, but they are also uniform at multiple sites of contact between a single pair of cells. In 17 pairs, the authors were able to find two synapses between the pre-and postsynaptic cells. Both the amplitude of the Ca 2+ transients in the two contacts and their respective release probabilities were found to be remarkably similar. Although this similarity might be expected for the synapses formed with the two classes of interneuron, which are relatively homogeneous with respect to both characteristics, it is remarkable for the pyramidal cell-pyramidal cell connections, whose values varied up to fourfold in this data set.
Koester and Johnston conclude with the provocative suggestion that there is communication between a pyramidal cell and each of its postsynaptic targets that serves to "normalize" the Ca 2+ transients and release probabilities at all of the connections between the two cells. Neither the means of communication between the two cells nor the means of normalization are known. The distances between the various sites of contact between a given pair of cells can be quite large. Thus, the authors suggest that correlated pre-and postsynaptic discharges might serve as the signal, much as they do in long-term potentiation, the form of synaptic plasticity thought to underlie memory formation (7) . This possibility is particularly intriguing for pyramidal cell-pyramidal cell connections, because there is good evidence that a change in release probability contributes to the expression of long-term potentiation in the neocortex (8) . It is not clear how the presynaptic terminal would be aware of activity in the postsynaptic cell, but the process would seem to require a retrograde signal.
There are several potential means by which this signal could then modulate the size of the presynaptic Ca 2+ transient, such as changing the density of Ca 2+ channels, the subtype of the Ca 2+ channels, the amount of endogenous Ca 2+ buffer, or the probability of channel opening in response to depolarization. In the hippocampus, there is evidence of target cell-dependent expression of presynaptic inhibitory receptors (9, 10) , and this mechanism might also differentially regulate Ca 2+ influx and release probability.
Like all good science, the observations reported by Koester and Johnston raise fascinating new questions. They also remind us of the wonder that is our brain. N ot long ago, scientists could only fantasize about insights that might be offered through high-throughput, comprehensive genetic screens that did not rely on characterization of discernible phenotypes in the whole animal. The pursuit of such screens presents several challenges, including the need for a priori knowledge about key factors in a pathway and for surrogate markers reflecting the pathway's status that can be rapidly assayed with robust results. Even with this functional screening approach in hand, the pursuit of highthroughput analyses of all genes in an organism requires a complete annotated genomic sequence and efficient RNA interference (RNAi) technologies for antagonizing gene function. Only recently has this type of screen been pursued (1-4). On page 826 of this issue, DasGupta, Perrimon, and their colleagues describe the application of RNAi methods to a Drosophila tissue culture system and report a plethora of new genes implicated in Wnt signaling (5) .
Wnts are a conserved family of secreted proteins with varied and context-specific activities in embryonic and adult tissues. They mediate effects in numerous cellular processes including proliferation, survival, differentiation, and motility (6, 7) . Not unexpectedly, given the importance of Wnts in development and adult physiology, Wnt pathway defects have been implicated in human disease states, including many types of cancer as well as bone density and retinal vascular disorders (6, 7) . The application of classical genetic and biochemical methods to define major components of the Wnt pathway has yielded much information (see the figure) . Wnts bind to a transmembrane receptor complex, and intracellular consequences are mediated via several distinct downstream pathways (see the figure). In the "canonical" Wnt pathway, β-catenin is the central player, and its levels and activity are tightly regulated by phosphorylation at certain serine and threonine amino acid residues in its amino terminus. Phosphorylated forms of β-catenin are preferentially ubiquitinated, then degraded by the protea-some. Activation of Wnt proteins inhibits β-catenin phosphorylation through poorly understood mechanisms. Wnt-mediated stabilization of the "free" pool of β-catenin leads to its accumulation in the nucleus and its enhanced binding to T cell factor (TCF) transcription factors. β-catenin-TCF complexes bind to specific DNA sequences in the regulatory regions of certain cellular genes and together with other nuclear cofactors, activate gene expression.
Despite
that DasGupta et al. now report (5).
DasGupta et al.'s screening method used sensitive reporter genes containing multimerized TCF binding sites fused to minimal promoter elements upstream of a firefly luciferase gene. The screen was performed in the presence of exogenous Wingless (Wg, the archetypical Drosophila Wnt), so that the reporter assay had sufficient dynamic range to detect either inhibition or enhancement of the Wg-induced signal. The effect of ~22,000 duplex RNAs on the ability of Wg to activate luciferase expression was assessed in a Drosophila cell line derived from fruit fly imaginal discs. This collection of RNA duplexes corresponds to >95% of the genes known or predicted in the Drosophila genome. The primary screen was done in duplicate to minimize false positives, and 238 potential Wnt pathway genes were identified. The screen uncovered most, but not all, previously identified core Wnt pathway components. About half of the identified genes had a gene ontology annotation or recognizable predicted protein domain. The protein classes included transcription factors, kinases and phosphatases, ubiquitin ligases and proteasome components, heterotrimeric guanine nucleotide-binding proteins, and membrane proteins.
To characterize the genes further, DasGupta et al. exploited established consequences of gain-and loss-of-function mutations in well-characterized Wnt pathway components. For new genes whose functions are required for Wg signaling, the investigators determined where in the pathway the genes had their effects, using a double-stranded RNA (dsRNA) against each gene in combination with an expression construct that constitutively activates Wg signaling at a selected downstream point (for example, activation of LRP/Arr, Dsh, or Arm, the fruit fly β-catenin homolog). For genes that were apparent negative regulators of Wg signaling, combinations of dsRNAs were used. The results indicate that nearly all genes identified in the screen work upstream of β-catenin and TCF. When a primary screen identifies such a large number of genes, secondary screens become crucial in determining which genes are likely to be most important. The authors prioritized their list by examining the candidates in other contexts. By screening other Drosophila cell lines unrelated to the cell line used in the primary screen, the authors identified 140 candidates that affect Wg signaling activity in multiple cell lines. One such gene, encoding the endocytic trafficking protein Rab5, also modulated Wg signaling in wing imaginal discs.
Although the authors' secondary assays in Drosophila cell culture models offered some support for the importance of many of (9, 10) , were missed. Also, the model reporter genes used in the screens bear minimal similarity to endogenous genes dependent on β-catenin-TCF complexes. Thus, the screens may be more informative about factors acting upstream of Arm/β-catenin. However, given that straightforward modifications can be made to reporter gene constructs and assays, it should be easy to develop additional screens to fill apparent gaps. Among the major challenges will be integrating the abundance of candidate components into useful working models of Wnt pathway function. Given the importance of Wnts in development and disease, future studies are sure to identify links between some of the new pathway components and essential developmental processes and diseases such as cancer. Such discoveries will only serve to increase the glow surrounding the Wnt signaling pathway.
